sarcocarpa to the total carbon budget of this vast and largely unexplored Amazonian habitat.
Introduction

1.1
The Amazon Basin is a critical component of the global carbon cycle, holding upwards of 100 billion tons of carbon, and will figure prominently into any finance program aimed at curbing anthropogenic carbon emissions and climate change (e.g. Reducing Emission from Deforestation and Degradation -REDD+) (Davidson and others 2012) . Within its boundaries, bamboo--dominated forests form a virtually unknown biome the size of all of the primary and secondary forests in Central America combined (UNFAO 2005b) . Known as pacales in Spanish or tabocais in Portuguese, they encompass an estimated 160,000--180,000 km 2 of tropical lowland forest centered in Southeastern Peru and Southwestern Brazil (Figure 1 inset) (Nelson and others 1997; Smith and Nelson 2011; Carvalho and others 2013) . Containing a mixture of trees and two woody bamboo species, Guadua weberbaueri Pilger and G. sarcocarpa Londoño and Peterson, phylogenetic and fossilized evidence point to the long history of this native habitat (estimated age between 3.12 million -46,000 years old) (Conover 1994; Olivier and others 2009 ).
Interestingly, the distributional pattern of these forests appear unrelated to any topographic, edaphic or anthropogenic features, save for being broadly located along the Fitzcarrald Arch, a 400,000 km 2 region of rapid tectonic uplift and weathering between the Andes and the Eastern Amazon Basin (Silman and others 2003; Regard and others 2009) . To date, the bamboo--dominated forests remain poorly understood as their existence is often regarded incorrectly as a relic of past disturbance (Griscom and Ashton 2006) .
This study sought to improve aboveground allometric relationships for G. weberbaueri and G.
sarcocarpa by encompassing the full range of naturally observed sizes and growth patterns, as well as provide the first estimates of belowground biomass ratios for these two species.
Additionally, we strove to develop and implement an easily applicable method of estimating bamboo biomass in the field, with the ultimate goal of highlighting the ranges of bamboo biomass observed across this highly variable habitat. The heterogeneous composition of these forests is well documented, and the internal variability in tree and bamboo biomass, both within (temporal) and between (spatial) individual patches, could have dramatic effects on carbon storage at the landscape and regional scale. Three times more basal area variability in adult trees has been observed inside of bamboo--dominated forests (B+) than in bamboo--free, terra firme forests (B--), complicating any comprehensive estimates of the carbon storage of this habitat to date (Silman and others 2003) . Further analyses have found that a combination of factors----fewer trees per hectare, decreased wood density of the trees present and decreased tree height resulting from the clambering bamboo----are thought to decrease aboveground biomass by anywhere from 9--56% inside of the B+ forests compared to B--forests (França 2002; Silman and others 2003; Nelson and others 2006; Nogueira and others 2007; Saatchi and others 2007; Nogueira and others 2008; Salimon and others 2011) . This range of uncertainty alone is greater than the estimated aboveground biomass for the whole of Canada (Kitani and Hall 1989{Marklund, 2005 #186) }.
Decreasing the level of uncertainty surrounding these values is important for closing the Amazonian forest carbon budget and improving carbon accounting in Southwestern Amazonia (Griscom and Ashton 2006) . Presently, the existence of multiple REDD+ projects within the bamboo--dominated forests demonstrates the need for an efficient and accurate method of estimating the contribution of these species to the overall biomass of the region (v--c--s.org 2011).
Furthermore, bamboo's use as a renewable resource for carbon sequestration, timber, pulp, and fiber is becoming an increased topic of research, and quantifying the potential of the Amazonian bamboo--dominated forests for these uses is of significance to various forestry conservation efforts (UNFAO 2005a; Osorio and others 2007; Zhou and others 2011) .
FIGURE 1 Location
Background & Growth.
There are an estimated 24 bamboo species of the genus Guadua Kunth, the most widespread bamboo genus in the New World, ranging from Mexico to Argentina (Londoño and Peterson 1991) . All woody bamboos (Order Poales, Family Poaceae, Tribe Bambuseae) are characterized by complex branching patterns along the main stem (i.e. culm) and two distinct growth phases:
shoot elongation and vegetative branching (McClure 1973; Londoño and Peterson 1991) . All
Guadua species, however, are monocarpic perennials that undergo six life stages: flowering, mortality, regeneration, growth, establishment and dominance (Judziewicz and others 1999; Silveira 1999) . The two bamboo species present in the B+ forests of SW Amazonia (G.
weberbaueri and G. sarcocarpa) are virtually indistinguishable from each other outside of flowering events as they share ten morphological traits distinct from the remainder of the genus (Londoño and Peterson 1991; Griscom and Ashton 2003) . (Judziewicz and others 1999; Silveira 1999; Nelson and others 2001; Carvalho 2009 ). This clambering growth pattern has been posited to actively suppress individual tree stems between 5--29 cm DBH (a hypothesis known as bamboo loading), and trees greater than this threshold appear to escape any bamboo--derived pressure (Griscom and Ashton 2006) . Notably, research from Sena Madureira, Acre, Brazil showed that trees (dicots and palms) ≥ 30 cm DBH maintained 33% lower basal area in B+ forests compared to B-, again pointing to the difficulty in establishing overarching patterns within this diverse habitat (Oliveira 2000) . Both Guadua species also have the capacity to maintain large quantities of water in their internodes, serving as a habitat for numerous macro--and micro fauna and possibly aiding in their weight--driven suppression of tree stems or offering increased drought tolerance (Louton and others 1996; Vidalenc 2000) .
Bamboos propagate vegetatively by underground rhizomes from which all individual ramets of a single genetic individual (i.e. genet) emerge. Rhizome morphology can be broadly split into two parts: the rhizome proper, containing all roots and buds (i.e. trunks) from which individual ramets emerge, and rhizome necks, thinner portions lacking buds and roots, but responsible for running belowground and the ultimate physical placement of each ramet (Appendix Image 1). In bamboo physiology, roots are a distinctive feature from rhizomes, responsible for the uptake of water and nutrients but comprising a much smaller percentage of belowground biomass (Judziewicz and others 1999) . Both the rhizomes and roots of the Guadua species analyzed here are largely confined to the upper 50 cm of soil, and their growth strategies differ from many other bamboo genera and congenerics (Silveira 1999) . Their phalanx growth strategy allows them to exploit light gaps in the canopy with dense, clumped growth of individual ramets (ca. 30 cm separating individual ramets of a genet). Complementarily, the ability to utilize distant light gaps, termed the guerilla growth strategy, has been documented in these species as well, with rhizomes running underground for distances up to ca. 8 m between ramets (Doust 1981; Smith 2000; Smith and Nelson 2011) . This growth pattern greatly enhances lateral mobility at the expense of ultimate rhizome and ramet size (Judziewicz and others 1999) . However, the presence of both growth strategies within a single genet, in concert with rapid and suppressive aboveground growth, highlights the phenotypic plasticity of these species and their ability to quickly establish and maintain dominance in these forests (Silveira 1999) . Notably, genets have been found to have maximum rhizomal lengths on the order of tens of meters (maximum observed horizontal length was > 30 m in a 10 year old individual), negating the possibility that any significant area is dominated by a single genet (i.e. clone) (Smith 2000) .
A distinct property of these bamboo forests is that they occur as large, adjacent patches, each occupied by a single, temporally synchronized cohort derived from mass flowering of the previous monocarpic generation (average life cycle length ca. 28 years, average cohort size ca.
330 km 2 , ca. 480 total cohorts) (Carvalho and others 2013) . For the first 8 -14 years following mass mortality, the majority of the ramets at any one site are juveniles confined to the understory. This lifecycle pattern drives both regional scale variability in bamboo biomass, as well as temporal variability within each patch. However, the total bamboo biomass over the entire range of B+ forests may be relatively constant over time (Carvalho and others 2013 To date, there are no published efforts directed at quantifying belowground biomass (rhizomes and roots) of the bamboo species of interest, even though their potential contribution can be a significant proportion of overall biomass (Riano and others 2002) . Please note that throughout this manuscript, it is not our intention to diminish the value of this previous work; however, we sought to build upon their contributions by expanding the range of naturally occurring size classes included, in addition to estimating the fractional contribution belowground biomass.
Additionally, the research presented here represents the first published effort to establish any allometric relationship for G. sarcocarpa. correlations between all variables were explored for any significant trends and a Pearson's R value of XX was used as a cutoff for significant collinearity.
Belowground Biomass.
Eleven 1 x 1m plots were established in 2010 in CICRA, strategically placed in locations containing between 1--4 aboveground ramets in order to encapsulate a wider range of aboveground biomass. All belowground rhizomes and roots were excavated, rinsed, allowed to air dry and weighed. Subsamples of the rhizomes and roots were dried at 70°C for ca. 48 hours and reweighed to acquire a dry--to--fresh biomass constant. Aboveground biomass within these plots was recorded in an identical manner as described in Section 2.2 to correlate the ratio of aboveground to belowground biomass. The fraction of the average contribution of belowground biomass was thus included in our total biomass assessment.
Implementation and Comprehensive Analyses.
Ten 0.36--ha plots were established ca. 10 km NW of Alerta, Peru, with ≥ 500 m distance separating each site. Each plot was strategically placed in regions of relatively homogeneous, within--plot ramet densities. Sites representing subjectively low, medium and high ramet densities were prioritized. Within each plot, all ramets were counted and measured for DBH and branch number ≥ 2 cm diameter. A non--parametric (kernel) distribution was fit to the full range of DBH sizes observed and compared to the size classes utilized in the creation of the models derived here as well as the previous allometric models (Torezan and Silveira 2000) . The total above and belowground biomass contribution of the bamboo in each plot was estimated in accordance with the field model established below, and any trends in biomass as a function of ramet density were explored. Lastly, the derived estimates of total bamboo biomass per plot were compared visually to the other presently employed methods of analyzing bamboo biomass.
Results
Allometric Aboveground Biomass Estimation.
The destructively sampled G. weberbaueri and G. sarcocarpa ramets had DBH values and culm lengths ranging from 1.8 --8.1 cm and 0.34 -24.81 m, respectively. The proportion of dry weight remaining after ca. 48 hours of drying subsamples of the culm, branches and leaves was 49.7 ± 3.4% of the fresh weight. Although 49 of our sampled ramets were identified as juveniles (as described by Torezan and Silveira [2000] ), incorporating them within the more robust size class distribution of mature ramets permitted for the creation of a single, inclusive model.
Although allometric equations are often defined by power or logarithmic functions, in this study it was found a least squares linear regression model provided the best fit of the biomass data observed (Niklas 2004; Chave and others 2005) . The stepwise regression model demonstrated that four variables of the complete model were highly significant predictors of biomass (p < 0.0001 for DBH, branch number ≥ 2 cm diameter, culm length, and small branch number; Formula A, Table 1 ). There was no correlation between the number and percentage of internodes containing water (p = 0.75 and 0.88 respectively). Furthermore, stem wall thickness examined over a subset of 30 individuals varied by ca. 25% around the circumference of an individual culm (data not presented). Although its predictive ability was significant (p = 0.01), the limited sampling size and large intra--culm variability observed compelled us to omit this measurement from the final formula of biomass prediction. The resulting variables input into the complete model accounted for ca. 93.1% of the variation in biomass observed (Formula A, In particular, DBH alone explained 78.9% of the estimated biomass (Table 1 Pearson's R correlations between all model parameters showed that the majority of variables were significantly related to each other (Appendix Table 1 ). Notably absent from the field model variables is culm length, as the scandent nature of G. weberbaueri and G. sarcocarpa often either precludes their apex from sight or their bent culm growth inhibits accurate length estimation. Furthermore, individual ramets were frequently observed to be broken at low heights (< 5 m aboveground, personal observation), diminishing its value as an accurate predictor of aboveground biomass. However, these broken culms were often observed supporting large, thick branches (≥ 2 cm diameter); thus branch number ≥ 2 cm diameter was included in the allometric analyses here. The proportion of dry weight remaining of the roots and rhizomes after 48 hours of oven drying was 37.8 ± 19.2% (± 1 S.D.) of the fresh weight. This high variance likely derived from the variation of water content between the two distinct parts of the rhizome: the rhizome proper, containing the buds (ie: trunks) of the ramets, and the long, thin rhizome necks connecting clones of the same individual (see section 1.2, Appendix Image 1). The average belowground fresh weight ratio of the eleven 1 m 2 plots excavated was 24.0 ± 6.9% of the aboveground fresh biomass. After drying, the average ratio of belowground biomass totaled 19.2 ± 6.2% of the total above and belowground biomass.
FIGURES 2 & 3 Location
3.3 Distribution of Biomass.
The average percent contribution of each of the morphological features measured (culm, branches + leaves, branches ≥ 2 cm diameter + leaves and rhizome + roots) to total fresh biomass of G. weberbaueri and G. sarcocarpa across all ramets measured is presented in Figures   4A & 4B for ramets lacking branches ≥ 2 cm diameter (n = 215), and 4C & 4D for ramets with at least one branch ≥ 2 cm diameter (n = 63). Interestingly, the ratio of the contribution of biomass of culms compared to all combined branches (regardless of diameter) and leaves is largely unrelated to culm DBH (R 2 = 0.03 and 0.15 for ramets without and with branches ≥ 2 cm diameter, respectively). Thus, the analyses here suggest that one would be unable to predict branch + leaf biomass based on DBH size alone .
FIGURES 4 A, B, C, D Location
3.4 Natural Size Distribution and Estimated Biomass.
Within the ten 60 x 60 m plots (0.36--ha) established in the natural, mature, B+ forest, 3,966 ramets were counted and measured for DBH and branch number ≥ 2 cm diameter. The minimum and maximum ramet densities recorded were 154 and 737 per 0.36--ha, translating to ca. 425 --2,050 ramets ha --1 (ca. 0.04 --0.2 ramets m --2 ), respectively. The range of ramet diameters observed across all plots was 0.9 -8.9 cm DBH. By comparison, the range of ramet sizes sampled for the creation of the complete, field and DBH--only models derived here was 1.8 -8.1 cm DBH, notably short of the observed ranges in the established plots (as well as the documented maximum size of the two species of interest, 10 cm DBH). A kernel probability density distribution was fit to the entire set of data (N = 3,966) and estimated that 0.7% of the ramets measured fell outside of the region used for the calibration of our models here (Appendix Figure 5) . The fit density curve also pointed towards a bimodal distribution of size classes, possibly a result of the inherent differences in size growth pattern between G.
weberbaueri and G. sarcocarpa (Olivier 2008) .
Plot--level above and belowground bamboo biomass was estimated according to our field model. The previous allometric models created for one of the two dominant Guadua species (G.
weberbaueri) were based upon the destructive sampling of juvenile (N = 10) and adult (N = 10) ramets in a mature B+ forest near Rio Branco, Acre, Brazil (Torezan and Silveira 2000) . The sizes of the ramets sampled ranged from 3.6--5.5 cm DBH (Appendix Equations 1 & 2 refer only to the ten mature ramets sampled, DBH range 4.2--5.5 cm). Again, when taking the difference between the 5 th and 95 th % confidence intervals, the range of DBH sizes observed within their 3000 m 2 research area was < 1.9 cm, suggesting their stand was much more homogenous in size distribution than our measured mature B+ forests. When a kernel density distribution was fit to all ramets observed in the 3.6--ha examined (N = 3,966), it was determined that 49.8% of the ramets sampled fell outside of their DBH size classes examined for both mature and juvenile ramets (10.0% of the ramets sampled were < 3.6 cm DBH and 39.8% were > 5.5 cm DBH;
Appendix Figure 5 ).
When compared to our directly measured values of bamboo biomass (N = 278), the fit of their derived linear equation appears to underestimate bamboo biomass at low ramet DBH size classes (< 4.5 cm), and overestimates bamboo biomass for larger sized ramets (> 5.0 cm, Figure   7A ). When examining their proposed 3 rd degree polynomial equation, the authors' estimates of biomass become exponentially distorted at DBH size classes < 3.0 and > 6.0 cm ( Figure 7B ).
These figures are presented here solely to represent the fundamental flaw with implementing allometric equations outside of the range over which they were calibrated, a rule well known to Torezan and Silveira (2000) who directly address its importance in their work.
Torezan and Silveira (2000) implemented their equations across 3000 m 2 in the same B+ forest from which they sampled their ramets to model bamboo biomass. The authors found 426 ramets within their study site, translating to an average ramet density of 1420 ramets ha --1 (0.142 ramets m --2 ). These data are of particular interest as it falls in between the estimated densities of the ten 0.36--ha plots, as well as into the hypothesized zone of inflection (1,200 -1,500 ramets ha --1 ). The authors estimated the aboveground contribution of bamboo biomass for the entire 3000 m 2 and derived a value of 10.2 Mg ha --1 in this region. When examining this estimate with the data derived from the distinct ten 0.36--ha plots, it appears to fall directly in line with the observed pattern of ramet density and biomass ( Figure 5 ). This not only corroborates the strength of the models created by Torezan and Silveira (2000) for measuring bamboo stands within their size classes examined, but allows for forests separated by > 200 km to support our conclusions regarding the pattern and variability of bamboo biomass in SW Amazonia.
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To more readily explore the methods employed by the REDD+ projects established in the region, we made the assumption that the average hectare of B+ forest maintains biomass levels equal to the average of the ten 0.36--ha plots analyzed (above and belowground biomass is 9.5 ± 3.6
Mg ha --1 ). Notably, this value is below the aboveground--only biomass estimate derived by Torezan & Silveira (2000) . these projects, the densities of G. weberbaueri and G. sarcocarpa ramets were sampled and biomass was estimated using the average value for a congeneric species, G. angustifolia Kunth, commonly found in northwestern South America (Judziewicz and others 1999) . A standard estimate of 47.022 kg ramet --1 was applied to all ramets observed. If such a method were applied to each of the ten 0.36--ha plots sampled, the derived estimate of bamboo biomass is consistently an order of magnitude greater than those derived from the field model (Figure 8 ).
By extrapolating our average bamboo biomass value throughout the entire distribution of the B+ forests contained within the boundaries of these projects, it is conceivable that the authors overestimated biomass by ca. > 1,500,000 Mg of biomass (as much biomass as in > 5,500--ha of old growth, terra firme B--forest) (Saatchi and others 2007) . Again, this value should serve solely as a preliminary estimate until regional patterns of bamboo density and biomass can be established.
Discussion
Although
Guadua weberbaueri and G. sarcocarpa appear to contribute only a fraction of the aboveground biomass to the bamboo--dominated forests of SW Amazonia, their dramatic influence on structure, carbon content and dynamics of this significant habitat is well documented, but as of yet, poorly quantified (Torezan and Silveira 2000; Silman and others 2003; Nogueira and others 2008) . An important first step in understanding these relationships and determining these species value as a source of carbon sequestration, timber, pulp and fiber, is to establish a rapid and accurate allometric method for biomass estimation. To date, however, the variability surrounding the biomass estimates of these two bamboo species mandated that an updated analysis of bamboo biomass be carried out.
The allometric relationships derived here allow for the accurate estimation of the biomass of the two bamboo species analyzed. The complete model explained 93.1% of the variability in aboveground biomass of individual ramets of G. weberbaueri and G. sarcocarpa. Additionally, the field model showed significant potential as a more rapid biomass assessment technique on the ground, explaining 83.9% of the variability measured in the aboveground biomass. The strength of DBH as a useful predictor of aboveground biomass is expected; however, the introduction of the variable branches ≥ 2 cm diameter added significantly to the predictive capacity of these models.
The estimated ratio of belowground biomass of G. weberbaueri and G. sarcocarpa, 19.2 ± 6.2%
of total biomass, to the best of the authors' knowledge, represents the first attempt at quantifying the belowground rhizome and root biomass of these species. The similarity between the belowground biomass estimates acquired here and those of the congeneric species (G.
angustifolia Kunth, 19.9%) lends support to these findings (Riano and others 2002) .
Interestingly, the number and percentage of internodes filled with water were not found to significantly correlate to biomass..The bamboo species examined here are known to store water in intact internodes, a microhabitat for many invertebrates (Louton and others 1996) . Further hypotheses address the internodal water's ability to alter the habitat's hydrology, potentially increasing these bamboo species tolerance to drought and/or weight--driven suppression of tree growth (known as bamboo loading, see Section 1.2) (Vidalenc 2000; Griscom and Ashton 2006) .
The insignificant relationships found in the complete model between ramet biomass and the number and percentage of internodes containing water is somewhat surprising when considering the potential function of internodal water as a mechanism to increase ramet weight and constrain tree growth. One could readily hypothesize a potential correlation where either larger or smaller culms store greater amounts of water to increase their mass to a critical level capable of damaging tree branches and stems. When directly examining the percentage of internodes containing water as a predictor of aboveground biomass, a weak, although significant, relationship is revealed (R 2 = 0.14, p = 0.03). However, the ability of these species to opportunistically uptake and retain water as a drought coping mechanism, noting their inability to access deep soil water with all rhizomes and roots existing in the upper 50 cm, could result in the seemingly random distribution of internodal water.
When examining culm length as a predictor of total biomass, it was discovered that often culms were broken off at relatively low heights (< 5 m). Furthermore, these broken culms often displayed large branching (≥ 2 cm diameter) below any damage. Large branching was also common among larger, unbroken culms capable of supporting such branches. Indeed, when examining culm length as a predictor of the total weight of branches ≥ 2 cm diameter (with associated leaves) for all individuals with at least one branch meeting this criteria, there was no significant correlation found (n = 63, R 2 = 0.02, p = 0.30). Two potential explanations for this observed phenomena are internal, mechanical disturbance caused by constant ramet turnover, or ramet growth reaching unsustainable heights in locations without nearby support for scandent growth. As a result of either scenario, the breakage of the main culm results in a shift in resources towards larger branching of new leader shoots below.
The estimated above+belowground biomass of the N = 3, 966 ramets measured across the ten 0.36--ha plots established near Alerta, Madre de Dios Peru was 4.3 -14.5 Mg ha --1 (varying by > 300%), with an average of 9.7 ± 3.2 kg ramet --1 (± 1 S.D.). When a kernel density distribution was fit to the size distribution of the ramets measured, a bimodal pattern emerged, potentially indicative of the difference in growth patterns between the smaller G. weberbaueri and larger G.
sarcocarpa (Olivier 2008) . Indeed, the smaller of the two pulses does appear to correlate closely with the size classes examined by Torezan and Silveira (2000) in their allometric assessment of G.
weberbaueri (Appendix Figure 5) . Intriguingly, bamboo stand biomass appeared to correlate with ramet stand density, with low culm densities maintaining relatively low bamboo biomass from the few ramets present, medium culm densities maintaining the highest levels of biomass from the larger average ramet DBH found within these forests, and the highest culm densities maintaining levels of biomass in between the previous two estimates deriving from the decreased average ramet DBH inside of these forests. The hypothesized mechanism that could be driving this observed patterning is that at the highest culm densities, fewer trees are present to permit for the scandent growth of these two bamboo species. As a result, the bamboo becomes locally hyper--abundant, but its ability to reach larger size classes is resource--limited without access to the canopy. Although the estimated contribution of bamboo biomass from a location 200 km away appears to align with this pattern, these findings still require further investigation from other locations within the B+ forest (Torezan and Silveira 2000) .
4.2 The previous allometric models created by Torezan and Silveira (2000) Looking more closely at the derived estimates of plot biomass using the two previously created allometric equations and the substitution of G. angustifolia, at low ramet densities (< 1,000 ramets ha --1 ), all three of these models consistently predict elevated levels of biomass compared to the field model derived here (Figure 8 ). For the two allometric models, this is the result of the average ramet DBH size classes observed within these forests being greater than the range for which they were calibrated ( Figure 6 ). At intermediate ramet densities 1,000 < x < 1,500 ramets ha --1 ) and above, the two previous allometric models are more similar to the estimates derived from the field model, a result of the decreasing average ramet DBH with increasing ramet density. However, even these more comparable estimates of biomass varied up to ca. ± 60% from the field model derived estimates (Figure 8 ). The magnitude of error associated with using of G. angustifolia as a surrogate for G. weberbaueri and G. sarcocarpa increases linearly with estimated ramet density (as these biomass estimates come directly from applying an average ramet biomass to all observed ramets within a region). Although REDD+ projects have only begun taking shape in the past couple years, these extreme examples --from conservatively neglecting bamboo biomass, to vastly overestimating the average biomass contribution of individual ramets using unsuitable alternative methods --substantiates the need for an encompassing and rapid method of assessing the biomass contribution of G. weberbaueri and G.
sarcocarpa across this vast region. undergo mass mortality and subsequently lose all of their biomass over the course of just few months to years (Carvalho and others 2013) . Finding a method to incorporate this growth pattern, as well as examining any changes in bamboo ramet density or biomass through subsequent lifecycles, is essential to successfully implementing such carbon mitigation schemes within this vast habitat. Furthermore, characterizing the variability of bamboo ramet densities and biomass across regional and landscape--level scales is necessary for accurately estimating the biomass of bamboo for these two species and removing the notion that the 160,000 --180,000 km 2 of bamboo--dominated forest is a single, homogeneous entity.
Appendix.
Appendix Table 1 of size distributions incorporated in the derivation of the previous allometric models created by Torezan and Silveira (2000) .
Appendex Formulae 1. Linear (1a) and 3rd degree polynomial (1b) allometric equations as derived by Torezan and Silveira (2000) for mature G. weberbaueri (n = 10, DBH range from 4.2--
cm)
Appendex Formula 2. DBH only model derived from the ramets sampled in the analysis here. P < 0.0001 for DBH, Adj. R 2 = 0.79, RMSE = 1.90, n = 278. allometric models proposed in a previous allometric study (Torezan and Silveira 2000) , and the use of a congeneric species (G. angustifolia) in two REDD+ projects currently established.
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